Any exercise tolerance test is intended to record the objective accompaniments of coronary insufficiency. The test must therefore be stressful to effect such insufficiency. Described in this report is an exercise test which is considered specific in demonstrating coronary inadequacy when present, and reliable in ruling it out, provided that the effects of tachycardia on the electrocardiogram are recognized.
ANGINA pectoris, literally a "pang in the breast," occupies a unique position among symptoms. Although still occasionally used to indicate any pain in the anterior chest, the term is more properly reserved for a sensation of specific type due to coronary artery disease. Despite its ominous implication, the term angina pectoris is sometimes applied to patients wholly on the basis of history and without objective evidence of heart disease. This may be justified when the symptom is characteristic, but serious errors in diagnosis may occur when the complaint is atypical. Pain in the chest may be due to any of a host of noncardiac conditions. Conversely, myocardial hypoxia may result in a sensation which the patient describes as breathlessness rather than pain. The discomfort may be otherwise atypical in character or distribution, and its relation to exertion inapparent or subtle.
As an aid in making the diagnosis of angina pectoris, special methods of study have The object of all these tests is to provoke a state of myocardial hypoxia sufficient in degree to result in angina pectoris and/or diagnostic electrocardiographic changes. This will occur in susceptible individuals-patients with coronary inadequacy. Conversely, where no coronary insufficiency is present the test will be negative.
THE TEST For some years we have employed a variation of the Master two step test which, in our opinion, has demonstrated a high degree of specificity. Like the original test it consists of walking over a platform having two 9 inch steps. It is employed only in those patients who have no objective evidence of heart disease by physical examination, x-ray and by conventional resting electrocardiogram. Where the history indicates that the complaint is more commonly experienced at some particular hour of the day the test is performed at that Circulation, Volume 111, June, 1951 time. If no such temporal factor is elicited the test is always run in midafternoon following a medium or large noon meal. In order to provide a constant and easily reproducible cold stimulus2 the patient performs the exercise while holding in each hand approximately 4 ounces of gauze-wrapped ice. The exercise is carried out at the patient's own rate except when this proves to be unusually slow or fast. Under those circumstances a metronome adjusted to sound 60 beats to the minute is employed to regulate the pace. The patient is instructed to take one step at each beat and
The limb lead electrodes are left on during the exercise so that it is possible to make the second electrocardiogram immediately. This is not ordinarily done, however, until the pulse rate has slowed to 100 per minute or less.
Interpretation In interpreting the tracings obtained after exercise it has not been found necessary to set up rigid quantitative criteria. The positive tests are unequivocally positive, with well defined and easily seen changes from the control tracing. These consist of extensive S-T depressions, T wave reversals, or both. In all instances, these may be seen in more than one lead, particularly in the precordial positions. precordial leads of patients with left heart strain ( figs. 1 and 2 ). It appears likely that acute left ventricular strain actually results from the test and that this phenomenon is reflected in the electrocardiogram.
False Positive Tests. Unfortunately, other electrocardiographic changes are also observed which may serve as the basis for misinterpretation of exercise tests. T wave lowering and/or S-T segment depressions may occur in individuals with normal hearts following exercise and during tachycardia. Both of these manifestations may be present immediately following physical effort of the magnitude employed in this study ( fig. 3) .
The mechanism underlying the changes seen during tachycardia has been best elucidated by Ashman'l using the schema of Nahum and Hoff. Briefly stated, tachycardia, however induced, alters the recovery period of the myocardium. This so changes the relationship U FIG. 3. Record of a 36 year old white male with duodenal ulcer. This patient had no complaints resembling angina pectoris and was used as a control subject in a study of angina suspects. A. Control tracing before exercise. B. Record obtained after 100 trips over standard exercise course, during which the patient suffered no discomfort. In this tracing are seen S-T depressions in II, III, and the chest leads of a degree which might be erroneously interpreted as evidence of coronary insufficiency.
We have not encountered S-T elevations (except in aVR), P-R prolongation, QRS delay, premature beats or other arrhythmias. This may be due to the fact that the test has not been performed by patients with otherwise demonstrable heart disease.
A striking similarity is apparent between some of the records obtained after exercise and those characteristic of left ventricular strain. The asymmetrically inverted T waves with downward sloping of the S-T segments appear identical with those seen in the left of the postulated monophasic components of the electrocardiogram that S-T depression and T wave lowering or inversion may occur.
In our experience, the magnitude of the alterations due to tachycardia is trifling when compared with the gross abnormalities which occur with coronary inadequacy. In this regard, Ashmanll has stated, "In using the exercise or anoxia test for coronary insufficiency, an appreciation of the causes of normal deviations is desirable. It is true of the published records (for example, the paper by Twiss and 100. In no instance has it been our observation that electrocardiographic changes resulting from coronary insufficiency disappear in so short a period. Indeed, it has been suggested that in some cases the diagnostic abnormalities may not become apparent until some minutes after the completion of exercise."2 13 In figure 4 is illustrated a similar situation. Although definite changes are present in tracing B, made immediately after exercise, the tracing made five minutes later shows more marked and extensive abnormalities.
Previous reports have indicated electrocardiographic changes which did not persist beyond a few minutes after exercise.2 However, the records illustrating these alterations all had rates of well over 100. The deviations in those records were such as may be seen normally during tachycardia. When the criteria for significant changes consist of minute numerical deviations (as is true in some exercise tests), the results of tachycardia may well be sufficiently widespread and of such magnitude as to constitute false positive tests.
False Negative Tests. False negative tests may occur if the test situation is not stressful enough to provoke characteristic symptoms. We have already mentioned that the test is performed at that time of day when the patient reports angina is most apt to occur. The addition of a constant cold stimulus also increases the likelihood of a positive test. That these accessory factors are important was illustrated by a 56 year old man whose intermittent chest pain suggested angina pectoris. However, the pain was of varying character, not particularly related to effort and was said to last 30 minutes to several hours. The physical examination, x-ray and resting electrocardiogram were all normal. An exercise tolerance test was performed and concluded at 52 trips because of the onset of pain. The test tracing, however. demonstrated only slight lowering of T waves and minute S-T depressions. The test was repeated the following morning and was halted after 60 trips because of dyspnea and fatigue. The electrocardiogram at this time was entirely normal and unchanged from the control record. The patient then volunteered the information that his spontaneous pain occasionally radiated to the teeth. This was so suggestive that a third test was made, this time in midafternoon after a generous lunch. On this occasion the patient completed only 45 trips and stopped because of the onset of pain. The electrocardiogram made on this occasion was grossly abnormal and is shown in figure 5 . The tracing obtained 10 minutes after exercise was once more normal and similar to the control electrocardiogram.
It will be noted that this patient was able to accomplish a fair amount of exercise on each occasion. In our experience the amount of exercise which could be accomplished by different patients with angina pectoris varied widely. The possible danger of stressful testing of individuals with possible coronary artery disease is recognized. It is for this reason that the test is not carried out by any patients with objective evidence of heart disease.
